The magnetism of a Cu-phthalocyanine ͑CuPc͒ monolayer on Ag͑100͒ was investigated using x-ray magnetic circular dichroism ͑XMCD͒ and ligand-field multiplet calculations. Contrary to other metal-Pc adsorbed on metals, we show that the local CuPc moment survives the interaction with the electronic states of the substrate and presents enhanced susceptibility with respect to bulk powder samples. Our measurements reveal extraordinary orbital moment anisotropy ͑500%͒ and an anisotropic spin dipole moment up to twice the isotropic spin in a metal-organic layer. A complete description of the orbital, spin, and spin-orbit operators is provided based on the XMCD sum rules.
I. INTRODUCTION
Extensive research has been undertaken in the last five years to study hybrid systems combining metal and molecular layers for the design of novel magnetic devices. 1, 2 Compounds that incorporate one or more local spins into an organic framework integrate a wide spectrum of magnetic properties with additional and sometime exotic electronic functionalities, such as Kondo and Coulomb blockade effects, 3 giant negative magnetization, 4 magnetochiral dichroism, 5 and site-specific control of magnetic anisotropy. 6 The understanding of these complexes would be greatly improved by insight into their microscopic magnetic behavior, in particular, by the accurate determination of their spin and orbital moments as well as their anisotropies. This is of crucial importance when metal-organic molecules are interfaced with a magnetic or nonmagnetic metal as part of a hybrid layer since both their electronic and magnetic susceptibilities may differ significantly from those of the bulk compounds.
Molecules belonging to the metal-phthalocyanine ͑MePc͒ and porphyrin family represent archetypal metal-organic semiconductors that display excellent chemical stability and film growth properties. Their planar macrocyclic structure can accommodate a large variety of metal ions at their center ͓Fig. 1͑a͔͒, giving rise to many interesting magnetic phenomena, ranging from paramagnetism ͑Mn, Fe, Co, CuPc͒ to one-dimensional Heisenberg ͑CuPc͒ ͑Ref. 7͒, and singlemolecule magnet behavior ͑TbPc 2 ͒, 8 as well as exchange coupling to metal [9] [10] [11] [12] [13] and molecular layers.
14 Recent scanning-tunneling microscopy ͑STM͒ studies, however, have shown that the magnetic moment of MePc deposited on nonmagnetic metallic substrates is very often screened through the Kondo interaction [14] [15] [16] or even completely quenched by hybridization. 17 Thus, in the interface regime, the physical properties of MePc appear to be dominated by the interaction with metal states, significantly reducing their magnetic response and usefulness for applications.
Here, we focus on CuPc, magnetic blue, 18 a model spin 1/2 system that has recently attracted attention due to the possibility to control intermolecular magnetic coupling in thick films 19 and its relatively large spin-diffusion length. 20 We exploit the surface sensitivity of x-ray magnetic circular dichroism ͑XMCD͒ measurements to submonolayer amounts of magnetic atoms 21, 22 to gain element-specific quantitative information on the magnetic moment of the Cu ions in a hybrid CuPc/metal system. By combining STM, XMCD, x-ray natural linear dichroism ͑XNLD͒, and atomic multiplet calculations, we show that a CuPc monolayer in contact with Ag͑100͒ displays the spin magnetic moment expected of the Cu 2+ ion in a tetragonally distorted ligand field, with a susceptibility enhancement of about a factor 9 over bulk CuPc powders. Angle-dependent XMCD measurements reveal extraordinarily strong Cu spin dipole moment and orbitalmoment anisotropies. The spin dipole moment is up to two times larger compared to the isotropic spin moment whereas the orbital moment changes by 500% from the in-plane to the out-of-plane directions. These measurements, interpreted with the aid of ligand-field multiplet calculations, also provide a long-sought experimental verification of the role played by the spin dipole moment in the quantitative interpretation of XMCD of 3d metals. [23] [24] [25] [26] [27] [28] 
II. EXPERIMENT
The experiments were performed at beamline ID08 of the European Synchrotron Radiation Facility ͑ESRF͒. The deposition and adsorption configurations of CuPc on Ag͑100͒ were studied in detail by means of STM and low-energy electron diffraction ͑LEED͒ in a dedicated setup prior to the beamtime. 29 The sample preparation procedure was reproduced at the ESRF, where CuPc films were evaporated onto a sputter-annealed Ag͑100͒ single crystal held at room temperature from a molecular-beam source heated to 600 K, after degassing the 99% pure powder material ͑Sigma Aldrich͒ to 500 K for 24 h in ultrahigh vacuum. The base pressure was 1 ϫ 10 −10 mbar. In situ STM and LEED were used to monitor the growth of 1 monolayer ͑ML͒ CuPc. STM measurements were performed in a crosslike geometry over a distance of Ϯ2 mm from the sample center and LEED was performed over the whole sample surface to check the layer homogeneity and make sure that no second-layer molecules were present. The sample was subsequently transferred into the XMCD end station without breaking ultrahigh vacuum and cooled to T = 6 K. For comparison, a powder CuPc sample was also measured in the same experimental conditions. STM shows that CuPc adsorb planarly on Ag͑100͒ forming a superlattice with a 14.5 Å square unit cell, as shown in Fig. 1͑b͒. Figures 1͑c͒ and 1͑d͒ show the geometry employed in the x-ray absorption measurements. X-ray absorption spectra ͑XAS͒ were measured at the L 2,3 edges of Cu in the total electron yield mode and normalized by the incident photon flux given by the photocurrent of an Au mesh placed between the last optical element of the beamline and the sample. The footprint of the beam at normal incidence was about 1 ϫ 0.1 mm 2 at full width half maximum ͑FWHM͒. We used both circularly and linearly polarized light with 99% polarization in magnetic fields of up to B = Ϯ 5 T applied parallel to the incident-beam direction, as shown in Fig. 1͑d͒ . Spectra recorded with circularly polarized light with photon helicity parallel and antiparallel to B are indicated as I + and I − , respectively. The XMCD signal is defined as I − − I + . In order to probe the anisotropy of the CuPc ML, the sample was rotated about the ŷ axis by an angle comprised between 0°͑normal incidence͒ and 75°͑ grazing incidence͒. Linearly polarized spectra recorded with E in plane and nearly out of plane were recorded by switching the polarization from ŷ to x at = 70°and indicated in the following as I 70°ʈ and I 70°Ќ , respectively. The equivalent density of the Cu ions contained in 1 ML CuPc is 4% of the Ag atoms in a ͑100͒ layer; this made it necessary to average multiple spectra obtained by switching both light polarization and applied magnetic field in order to obtain a satisfactory signal-to-noise ratio at the Cu edge. Moreover, due to the intensity tail of the Ag M absorption edges, the Cu XAS are superimposed onto a strong substrate background intensity ͓inset, Fig. 2͑b͔͒ , which needs to be subtracted to properly normalize the XMCD signal for quantitative sum-rule analysis, as reported in Refs. 6 and 30 . No evidence of sample degradation was detected due to beam damage or residual gas contamination during the experiments.
III. MULTIPLET CALCULATIONS

A. Hamiltonian
In order to interpret the magnetic properties and XAS measurements of the CuPc ML, we used ligand-field multiplet theory. [31] [32] [33] We wrote a code to calculate the XAS of metal ions for arbitrary photon polarization and incidence angle with respect to the symmetry axes of the molecules and applied magnetic-field direction. The Hamiltonian of initial and final states, e.g., 2p
6 3d N and 2p 5 3d N+1 for the L edge of transition metals, respectively, is separately diagonalized and the XAS calculated from the sum of all dipole-allowed transitions for an electron excited from the occupied 2p level into an unoccupied 3d level. In the crystal-field limit, the ground state is given by a single electronic configuration d N ͑where N is the number of valence d electrons͒, split in energy by electron repulsion and ligand-field potential. The single-ion Hamiltonian contains the usual atomic terms for the electron kinetic energy, nuclear attraction, electron repulsion, and spin-orbit coupling. The first two terms yield the average energy of the configuration. The electron-electron repulsion is treated in the Hartree-Fock approximation and expressed by the Slater-Condon-Shortley parameters ͑F i and G i ͒. The spherical part of the electron-electron interaction is added to the average energy of the configuration. The parameters F i and G i and the spin-orbit coupling constants are obtained using the atomic theory code developed by Cowan. 31 The molecular environment is modeled by an electric potential either by the usual parameters that reflect the point-group symmetry of the metal-ion site or by direct evaluation of the potential with point charges at the ligand locations. The crystal field is only applied to the outer shell since the core hole in the excited state is well screened by the other electrons. The many-electron wave function of a single configuration is represented by a linear combination of determinantal product states with basis wave functions of the form R n ͑r͒Y m k ͑ , ͒͑͒, which separates into the radial part R n ͑r͒, the spherical harmonics Y m k for the angular dependence, and the spin function ͑͒. Hamiltonian is numerically diagonalized, including the Zeeman energy term,
in initial and final-state Hamiltonians. Here, s i and l i are the one-electron spin and orbital kinetic momentum operators that add up to give the total atomic spin ͑S͒ and orbital moments ͑L͒. The XAS spectra are calculated with the transition matrix elements for the electric-dipole operator for arbitrary photon polarization and incidence angles. At finite temperatures the initial states are weighted according to the Boltzmann distribution for the calculation of the transition probabilities.
B. Spin dipole operator
In low-symmetry environments, the anisotropic charge distribution that results from strongly directional bonds or crystal field induces an inhomogeneous spatial distribution of the spin density over the atomic unit cell. 24 Such a spin anisotropy can be expressed as a nonzero spin dipole moment, which affects the XMCD intensity through the angular dependence of the transition-matrix elements. The spin dipole momentum operator of a single electron is defined as
.
͑2͒
The components of t are, accordingly,
Using the spin raising and lowering operators, s + and s − , and expressing the polynomials of the spatial coordinates by spherical harmonics, we obtain
in which form their matrix elements can be easily evaluated.
For an N-electron atom, the intra-atomic spin dipole operator is defined as T = ͚ i=1 N t i , whose spatial components ␣ = x , y , z can be written as
where Q ␣␤ erators in Eq. ͑9͒ can be decoupled and separately evaluated. Additionally, if the sample is magnetically saturated parallel to ␣, one has s ␣ i = s i and the expectation value of T ␣ reduces to
As each Q ␣␤ i is a traceless tensor, it follows that
This is the "spin dipole sum rule," which allows to average out the T contribution to the effective spin moment measured by XMCD ͑Ref. 46͒ by performing either three separate measurements along orthogonal directions or recording a single magic angle spectrum at = 54.7°, for symmetries D 2h , C 4 , or higher.
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C. Expectation values of L, S, and T
The expectation values of the atomic kinetic momentum operators M = L, S, and T of state ͉⌿͘ projected onto the direction e were calculated as
To take finite-temperature effects into account, the moments were weighted by the Boltzmann distribution according to
where
D. CuPc parameters
The Cu ion was represented by a d 9 configuration corresponding to an oxidation state +2. The molecular environment was modeled by a C 4v crystal-field potential defined by the parameters 10D q = 2.0, D s = 0.1, and D t = 0.0 eV. These parameters were obtained as those giving the best simultaneous fit of the linear and circular XAS and XMCD features. The temperature was taken from the experiment to be T = 6 K. The spin-orbit coupling constants for 2p and 3d subshells are 2p = 13.228 and 3d = 0.102 eV, respectively. The spectra were broadened by Lorentzians with FWHM of 0.15 eV and 0.45 eV at the L 3 and L 2 edge, respectively, in order to account for the finite lifetime of the core hole. An additional convolution with a Gaussian function with FWHM of 0.25 eV was performed to take into account the experimental resolution. We note that the calculations reported in this paper treat only 2p 6 3d 9 → 2p 5 3d 10 transitions. This case is equivalent to a single-hole calculation, for which electron-correlation effects are absent. However, our code can treat any number of electrons and include configuration interactions if necessary. In the present case, the relative simplicity of the calculations favors a straightforward analysis of the interplay of spin-orbit, crystal-field effects, and magnetic moments.
IV. RESULTS AND DISCUSSION
A. Magnetic moment and electronic configuration of 1 ML CuPc
We present first the measurements obtained on polycrystalline CuPc powders, for which the average alignment of the molecules with respect to the x-ray wave vector is random. 34 Consistently with previous reports, [35] [36] [37] the XAS of CuPc, shown in Fig. 2͑a͒ , feature two main lines separated by about 20 eV, reflecting the transitions from the Cu 2p 1/2,3/2 manifolds into an empty orbital with predominant 3d x 2 −y 2 character. The higher energy satellites A1 and A2 and their L 2 replicas are assigned to less intense transitions into the e g molecular orbital and 4s states, respectively. 37 The XMCD of the bulk CuPc powder, for which no comparison exists in the literature, is rather weak even in an applied magnetic field of 5 T. The XMCD/XAS asymmetry, measured at the L 2 edge to minimize saturation effects, is a mere 6%, much smaller than expected for an isolated paramagnetic spin at the same field and temperature. This behavior changes drastically upon adsorption of 1 ML CuPc on Ag͑100͒. In contrast with the powder, the CuPc ML presents a large XMCD asymmetry ͑57%͒ at 5 T ͓Fig. 2͑b͔͒, indicative of a strong magnetic response. As the field dependence of the XMCD is nearly linear, the magnetic susceptibility of the ML turns out to be about nine times larger compared to the powder. This enhancement is attributed in part to angle averaging effects ͑a factor 1.8, calculated numerically by averaging over the solid angle͒ and in part to the absence of antiferromagnetic interactions favored by Cu-Cu stacking in CuPc crystals. 7 The XMCD measurements show that the magnetic moment of CuPc is much more robust upon adsorption compared to that of other planar metal-organic macrocycles such as FePc and CoPc. [14] [15] [16] [17] This may appear puzzling given that FePc and CoPc, which have bulk intermediate S = 1 and S =1/ 2 configurations, respectively, [38] [39] [40] [41] should display a stronger tendency to sustain a local moment compared to Cu due to the larger number of unoccupied states in the 3d shell. Moreover, it has been shown by photoemission that the interaction of CuPc with a metal substrate can lead to the complete reduction of the Cu oxidation state. 42 Our STM measurements and density-functional calculations 29 also indicate that the interaction between CuPc and Ag͑100͒ is very strong. The molecules rotate in the plane by 30°with respect to the high-symmetry ͓011͔ Ag direction to maximize charge transfer ͑about one electron͒ from the substrate to C and N atoms, and rest at a distance of 2.4 Å from the surface, i.e., closer than what reported for nonmagnetic CoPc on Au͑111͒. 17 Notwithstanding such a strong interaction, the XAS spectra clearly show the unoccupied character of the 3d states in 1 ML CuPc. The symmetry of the 3d hole is particularly evident by measuring the linearly polarized XAS at grazing incidence ͓Fig. 2͑c͔͒. Very strong XNLD effects are observed as the intensity of the main L 3 and L 2 lines is maximal for parallel alignment of E with the surface plane and minimal for E oriented out of plane. Note that the XNLD extrapolates to 100% for E perpendicular to the surface and does not show a noticeable dependence on field or temperature from 300 to 6 K.
Ligand field multiplet calculations were used to simulate the XAS and derive the electronic configuration of 1 ML CuPc, as described in Sec. III D. The results of the XAS calculations are reported in Figs. 2͑b͒ and 2͑c͒ as solid lines. The agreement between experiment and model is excellent, allowing us to simulate simultaneously the XAS, XMCD, and XNLD in a quantitative way. The diagram in Fig. 2͑c͒ shows the energy-level scheme of the Cu 3d states corresponding to the optimal crystal-field parameters reported in Sec. III A. The Cu ground state in 1 ML CuPc/Ag͑100͒ is thus almost pure 2 B 1 , similar to that inferred from electronparamagnetic-resonance ͑EPR͒ measurements for bulk CuPc, 7, 43 which shows that the cupric ion is only weakly perturbed by the interaction with the substrate despite the strong Ag-CuPc charge transfer. This finding is corroborated by the fact that the powder spectra can be simulated to a very good degree of accuracy using the same crystal-field parameters as the ML, apart from the magnitude of the XMCD intensity. According to density-functional calculations of the CuPc monomer, the empty b 1g orbital is an antibonding Cu-N state with 27% N 2p character and fully spin-polarized 57% Cu 3d x 2 −y 2 contribution. 44 The 3d x 2 −y 2 state is therefore expected to dominate the magnetic properties of the CuPc ML with unusual consequences due to the combined effects of spin-orbit coupling and the planar symmetry enforced by the substrate.
B. Angle-dependent XAS intensity and XMCD sum rules
The Cu magnetic moment can be estimated quantitatively by means of the XMCD sum rules, which relate the L 3 and L 2 XMCD intensities to the expectation values of the L, S, and T operators projected on to the x-ray incidence direction , according to 45, 46 
where n h represents the number of holes in the d shell, and
Here, is the incident photon energy. I 0 corresponds to the absorption intensity measured with linear polarization parallel to the magnetization direction, i.e., to a measurement that requires a geometry orthogonal to that of the circular components I + and I − , difficult to attain in practice. For this reason, it is usually approximated as I 0 = ͑I 47 This approximation, although valid for metals, can lead to very large errors in the sum-rule analysis of ordered metal-organic compounds. The angular dependence of XAS has been studied by various authors in the case of molecules on surfaces 48 and anisotropic compounds in general. 27, 49, 50 Qualitatively, dipole-allowed transition matrix elements are largest when E is aligned parallel to an empty orbital. For orbitals having a C 4 symmetry rotation axis perpendicular to the substrate, I + + I − is expected to follow a function f͑͒ = ͑1 + cos 2 ͒ / 2, as given by the mixing of two orthogonal linearly polarized components, one in plane and the other tilted by with respect to the molecular plane. Indeed, a strong dependence on was found for the XAS of 1 ML CuPc, shown in Fig. 3͑a͒ . Note that, in order to compare spectra recorded at different angles and compensate for changes in the total electron yield, the raw data were first normalized to a common intensity value at 930 eV and background subtracted. The sum of L 3 and L 2 peak intensities so obtained is reported in Fig.  3͑b͒ , normalized to 1 at = 0°. The agreement with the expected f͑͒ dependence ͑dashed line͒ is very good. The energy-integrated intensities ͐ L 3 +L 2 ͑I + + I − ͒d are found to scale as the peak values with a few percent uncertainty that depends on the choice of integration range and Ag background subtraction ͑error bars in Fig. 3͒ . The largest error occurs at = 75°as the footprint of the x-ray beam becomes comparable to the lateral extension of the sample surface at grazing incidence. Symmetry considerations as well as the results of our XAS simulations show that I 0°0 =0 for 1 ML CuPc. Therefore, the isotropic intensity can be obtained simply as I ISO = I 0°+ + I 0°− = ͑I + + I − ͒ / f͑͒, as shown by the filled symbols in Fig. 3͑b͒ . This allows us to safely determine the expectation values of L, S, and T by means of Eqs. ͑14͒-͑18͒. 
C. Orbital and spin moment anisotropy of 1 ML CuPc
The angle-dependent XMCD intensity is found to reduce much faster compared to the decrease of I + + I − with ͓Fig. 3͑d͔͒. This behavior could be, in principle, attributed to a strongly decreasing magnetization away from the easy axis in the presence of magnetic anisotropy. 30 However, no single-ion magnetic anisotropy is expected for a pure S =1/ 2 system. The explanation for this effect lies in the extraordinary anisotropy of both ͗S ef f ͘ and ͗L ͘, which determine the relative amplitude of the XMCD intensity through Eqs. ͑14͒-͑18͒. At normal incidence, taking n h =1, we obtain ͗L 0°͘ = 0.10Ϯ 0.02 and ͗S 0°e f f ͘ = 1.67 B Ϯ 0.08 B . The error bars have been calculated by varying the L 3 and L 2 integration limits over a few eV, in order to estimate the influence of involuntary offsets and noise in the XAS and XMCD baselines. These are particularly critical for the determination of ͗L ͘, inducing a larger relative error compared to ͗S ef f ͘ because of partial compensation of L 3 and L 2 intensities in Eq. ͑14͒. The absolute errors reported above are representative of the whole angle range, thus increasing their relative significance toward the in-plane direction.
The reported value of ͗S ef f ͘ is clearly at variance with the spin magnetic moment ͑2S =1͒ expected for the 2 B 1 state of CuPc. Moreover, ͗S ef f ͘ reaches nearly zero and ͗L͘ decreases by a factor of 5 in the in-plane direction ͑Fig. 4͒. These apparent anomalies can be reconciled with the electronic structure of CuPc by analyzing the perturbative effects of the crystal field and spin-orbit interactions. For a pure 2 B 1 orbital singlet, the orbital moment is entirely quenched, giving ͗L ͘ =0 ∀ . L · S coupling treated to second order, however, mixes different nonzero orbital contributions into ͗L 0°͘ and ͗L 90°͘ , given by 8k 3d / ⌬E B 2 and 2k 3d / ⌬E E , respectively, where ⌬E B 2 ͑⌬E E ͒ represents the energy of the B 2 ͑E͒ levels relative to the ground state and k is a so-called covalence reduction factor that takes into account electron delocalization effects that are not accounted for by the crystalfield model. 51 Our multiplet calculations reproduce this effect to a very good extent, matching the experimental ͗L ͘ values after reduction by an ͑arbitrary͒ scaling factor k = 0.9 ͓Fig. 4͑a͔͒. We note that one may derive effective g-factor values for 1 ML CuPc from the XMCD data, giving g 0°= 2.20 and g 90°= 2.04, which compares to 2.17 and 2.05 obtained from EPR measurements of bulk CuPc. 7, 43 The strong anisotropy of ͗S ef f ͘ necessarily calls attention to the 7͗T ͘ term in Eq. ͑15͒, i.e., to the intra-atomic dipole spin moment that originates from the spatial distribution of the spin density. This moment is very often unknown and much debated in the literature. [23] [24] [25] [26] [27] [28] Here, the combination of angle-dependent data and multiplet calculations allows us to determine and disentangle 7͗T ͘ from 2͗S ͘. The simulated and experimental ͗S ef f ͘ agree to a very good level of accuracy without introducing scaling factors ͓Fig. 4͑b͔͒. As expected, ͗S ͘ turns out to be nearly isotropic, with a very weak angle dependence given by L · S coupling. 7͗T ͘, on the other hand, exceeds by far the spin contribution, going from about 1.1 B to −0.5 B . Such a strong magnitude and anisotropy of 7͗T ͘ have been predicted for low-symmetry systems, 24, 27, 28 but not measured experimentally so far. Our model can also be used to estimate the saturation values of the magnetic moments at 0 K, giving 2S =1͑1͒, L = 0.20͑0.045͒, and 7T = 1.88͑−0.95͒ B at =0°͑90°͒. The 1 ML CuPc/Ag͑100͒ systems provides an ideal case to investigate the interplay of spin-orbit and crystal-field effects. The relative influence of these two interactions can be estimated by switching off the 3d spin-orbit coupling in the multiplet calculations. This yields a decrease of ͗T 0°͘ ͑͗T 90°͘ ͒ of 8% ͑4%͒, in agreement with the assumption that the charge distribution is weakly affected by the spin orientation for relatively small spin-orbit coupling, a critical approximation of the spin dipole sum rule discussed in Sec. III B and Ref. 24 . Given the value of the crystal-field splitting, the relative contribution of the spin dipole term in the XMCD sum rules is largely independent of temperature, contrary to what has been predicted for cubic systems. 26 Our calculations also show that a magic angle measurement yields ͗T 54.7°͘ = 0 only if the spin-orbit coupling is set to zero. This is so even if the sample is not magnetically saturated, which is a consequence of the single-hole character of the CuPc ground state. However, when the spin-orbit coupling is turned on, the angle at which ͗T ͘ = 0 changes to 56.8°͓Fig. 4͑b͔͒.
D. Branching ratio
It is well known that the intensity ratio of the L 3 and L 2 absorption lines is not simply given by the degeneracy of 52 Independently from the XMCD sum rules, 45 ,46 the analysis of the branching ratio can shed light on the spin state and spin-orbit splitting of transition-metal compounds. 52, 53 In particular, if the electrostatic interactions between core hole and valence electrons are small or absent, as is the case for 2p 6 3d 9 → 2p 5 3d 10 transitions, it can be shown that 53, 54 
where Z = ͚ i=i N s i · l i is the expectation value of the angular part of the spin-orbit operator in the valence state. From the experiment, we obtain B = 0.73Ϯ 0.03 for 1 ML CuPc, which gives Z = −0.19Ϯ 0.09 through Eq. ͑19͒. Within the error, this value is found to be independent of , as expected for a scalar quantity. The calculated branching ratio is B = 0.713, giving Z = −0.14, in fair agreement with the experiment.
V. CONCLUSIONS
In summary, we have shown that a CuPc monolayer displays enhanced susceptibility as well as robust spin and orbital local magnetic properties at the interface with a nonmagnetic noble metal, opposite to most other MePc species.
This behavior is rationalized in terms of the planar symmetry of the Cu 2 B 1 state, which couples weakly to the metal electrons despite the strong interaction and charge transfer between the molecular framework and the substrate. The intraatomic spin dipole moment is extraordinarily large, surpassing the magnetic spin moment by nearly a factor two in the perpendicular direction, and changing sign from out of plane to in plane. The orbital magnetic moment, although smaller compared to the spin, presents a giant anisotropic behavior due to the different admixture of excited states induced by the spin-orbit coupling when the spin points in plane or out of plane. Owing to its flat geometry, heavily distorted ligand field, and the presence of 3d spin-orbit coupling, this system represents an example of a strongly anisotropic S =1/ 2 hybrid metal-organic compound and a model for the interpretation of XMCD measurements of materials with localized electron properties.
